We consider the minimal 3-3-1 model with three sterile neutrinos transforming as singlet under the SU (3)L ⊗ U (1)X symmetry. This model, with or without sterile neutrinos, predicts flavor violating interactions in both quark and lepton sectors, since all the charged fermions mass matrices can not be assumed diagonal in any case. Here we accommodate the lepton masses and the PontecorvoMaki-Nakawaga-Sakata matrix at the same time, and as consequence the Yukawa couplings and the unitary matrices which diagonalize the mass matrices are not free parameters anymore. We study some phenomenological consequences, i.e., li → lj l klk and li → ljγ which are induced by neutral and doubly charged particles present in the model. In particular we find that if the decay µ → eeē is observed in the future, the only particle in the model that could explain this decay is the doubly charged vector bilepton.
I. INTRODUCTION
It is well known that models with 3-3-1 gauge symmetries predict flavor violating interactions in both quark and lepton sectors, since all the charged fermions mass matrices can not be assumed diagonal in any case [1] . On the other hand, it has been confirmed that neutrinos are massive particles and that there is mixing in the leptonic charged current [2] . In the context of the standard model (SM), the massive neutrinos imply that the charged currents are non-diagonal and they are parametrized by the Pontecorvo-Maki-Nakagawa-Sakata (PMNS) matrix, which has been measured in several neutrino oscillation experiments [2, 3] . Nevertheless, in the SM there is no mechanism for generating neutrino masses neither the PMNS matrix. Hence, it is necessary to search extensions of the SM that implement a mechanism for solving both issues, keeping at the same time compatibility with the data of lepton flavor violating (LFV) processes.
Here we will implement a mechanism for generating lepton masses and the PMNS matrix in the context of the minimal 3-3-1 (m331) model in which the left-handed lepton families transform as triplets Ψ = (ν li , l i , l [4] [5] [6] . We will also study the phenomenological effects of such mechanism in some LFV processes like l i → l j l klk , where l i = µ, τ , l j,k = e, µ, l i → l j γ and h 0 → l ilj . Moreover, we will work in the context of the non-trivial SM limit of our model obtained when we impose ρ 0 = 1, where ρ 0 = m , being m Z1 and m W the masses of the respective lightest Z 1 neutral and W charged vector bosons, corresponding to the Z and W gauge bosons in the SM. Under this condition, all couplings of the known fermions to Z 1 are the same as the respective couplings of these fermions to Z in the SM, and the exotic quarks couplings to Z 1 and Z 2 depend only on the electroweak angle θ W . In the m331 model, in which the lepton sector includes only the known leptons, this condition fixes the vacuum expectation values (VEVs) in terms of θ W [7] ,
only v χ remains free. Here v 2 W is related to the standard electroweak scale, and v s2 is the VEV of the neutral component of the sextet which contributes to the charged lepton masses, v η and v ρ are the VEVs of the triplets that contribute to the quark masses, but η also may contribute to the charged lepton masses. Analysis of the quark sector assuming (1) was done in Ref. [8] , there was assumed that the VEVs of the triplets η and ρ satisfy v (246 GeV) 2 . Hence, v s2 was considered negligible and for this reason the sextet is not enough, as we will show below, to give the correct mass to the charged leptons using only renormalizable Yukawa interactions. Notice that this fixes three otherwise almost arbitrary VEVs (in GeV): v η ∼ 240, v ρ ∼ 54, and 2v
η . However, since the degrees of freedom of the sextet are still there and may be heavy, they can induce the dimension five effective operator given in Ref. [9] . For these reasons it is necessary to add to the m331 model, three sterile neutrinos. See more details in Sec. II.
The m331 model has doubly charged vector and scalar bileptons, generically denoted by X −− , with interactions that violate the individual lepton flavor number by single or two units, for instance X −− → µ − e − and X −− → e − e − , respectively. Hence, in this models the decays τ → µµμ, eeē (the three leptons may be all different) and µ → eeē, eγ, ... are allowed and can be used to constraint the masses of the bileptons once the unitary matrices, V l L,R and V ν L , needed to diagonalize the lepton matrices, are fixed. In fact, these processes are prediction of this sort of model [1] .
These flavor violation processes in the m331 model were considered many years ago by Liu and Ng [10] . However, at that time almost nothing was known about the lepton mixing and neutrino masses. Here we will take into account this new information and also consider the effects of the neutral Higgs bosons which in this model have non-diagonal interactions in the flavor space. We stress that even if neutrinos were massless (at tree level) the lepton flavor number is not conserved in this model. Here we will not consider neither CP violation, however see [11] .
Generally, in models with FCNC the unitary matrices, V † G s V l * R where G s is a symmetric matrix of Yukawa couplings. For this reason, we first fit all of these unitary matrices by getting the known masses and mixing matrices in the interactions with W ± µ and only then study the phenomenological consequences constraining the masses of the extra particles in the model.
In the absence of a compelling model new physics effects can be parametrized by using effective interactions in which all operators of a given dimension are classified. For instance, effective operators which violate flavor, baryon and lepton numbers can be used in a model independent way. These operators depends on the unitary matrices above and on an energy scale, Λ, which characterizing the new physics and is larger than the electroweak scale [12] [13] [14] [15] . However, in the present case, we have a well behaved model and all new interactions are formulated using only renormalizable interactions, since even the effective interactions used for generating the charged lepton masses arising as a consequence of fundamental Yukawa interactions of leptons with the sextet. Moreover, even if effective operators are used to fit the unitary matrices and the Λ scale, eventually we have to verify if these unitary matrix entries obtained in this way, do correctly diagonalize the respective fermion masses.
Our main result, using the strategy discussed above, i.e., first fit all unitary matrices, is that the strongest constraint on the doubly charged vector bilepton U ++ µ , comes from µ → eeē. We will show that unlike processes in the quark sector [8, 16] in leptonic processes the scalar contributions are supressed. This sort of models predict also flavor changing neutral currents (FCNC) in the scalar sector, thus we consider also h 0 → l ilj , at tree level, in a situation in which there is no more free parameters in the Yukawa coupling since all of them are already fixed when we obtain the matrices V l L,R , V ν L , the PMNS mixing matrix and lepton masses. The structure of the article is as follows, in Sec. II we review briefly the m331 model plus three sterile (under the 3-3-1 gauge symmetry) neutrinos. In Sec. III we present the mass matrices of the lepton sector, as well a numerical parametrization for the V l L,R , V ν L matrices that will be used in the present study. The interactions with the doubly charged vector bosons are presented in Sec. IV A, and the interactions with the doubly charged and neutral scalars are presented in Sec. IV B. In Sec. V we present the phenomenological consequences of our analysis. The last section VI is devoted to our conclusions. We comment three other numerical parametrization for the matrices V l L,R in the Appendix A, this is done just to show how the constraints on m U ++ depend on those matrices. Finally, in Appendix B we give samples of the amplitudes of the vector doubly charged bilepton contribution.
II. THE M331 WITH SINGLET RIGHT-HANDED NEUTRINOS
In the m331 model the scalar sector is conformed by η = (η 0 , η
, and the sextet (6, 0) where the numbers between parentheses denote the transformation properties under SU (3) L ⊗ U (1) X , respectively. In this model there are only left-handed neutrinos and they are naturally Majorana particles. The sextet (6, 0), in principle, gives mass to both the charged leptons and neutrinos. The Yukawa interactions are given by
and we obtain the following mass matrices in the lepton sector
Note that the matrix for the charged leptons has two contributions, one from a symmetric matrix G S and other from an antisymmetric matrix G η . An 3 × 3 antisymmetric matrix has the eigenvalues {0, −m, m}, therefore, to adjust the mass of charged leptons, the largest contribution would have to come from the symmetric matrix, plus a minor contribution from the antisymmetric matrix. This could be possible if v η ≪ v s2 , however, as we said above that v η ∼ 240 GeV, hence v η ≫ v s2 , condition which is incompatible with the SM limit discussed in the Introduction. At first sight this problem could be avoided if the interaction with η is forbidden. However, if we avoid this interaction, the mass matrix of the charged lepton is proportional to the neutrino mass matrix and, for this reason, both mass matrices are diagonalized by the same unitary matrix and it is not possible to obtain a realistic PMNS matrix defined as
One possibility for generating a realistic lepton mass spectra could be generated by radiative corrections if there are interactions in the scalar sector that violates explicitly the conservation of L. The assignment of the total lepton number L is:
Another way, that we will use here, is introducing right-handed neutrinos, singlet of SU (3) L ⊗ U (1) X implementing a type-I seesaw mechanism. The only source of total lepton number violation is the Majorana mass term for the right-handed neutrinos. In this case the lepton masses are generated by the triplets η, ρ and χ and a dimension five operator induced by the heavy sextet as in Ref. [9] . Hence, the Yukawa interactions are
where Λ s is a mass scale generated by the effective interactions induced by the heavy scalar. It means that FCNC processes in the lepton and quark sector are predictions of this model. The scalar contributions can not, in general, be neglected anymore. At least this is the case in the quark sector [8, 16] .
III. THE LEPTON MASS MATRICES
From (6) the lepton mass matrices are given by
where M R is a mass scale generated by the violation of the lepton number L. An interesting possibility is when M is diagonal and
For the sake of simplicity we will assume that all right-handed neutrinos are mass degenerated and M −1 = (1/M R )1. Moreover, in the following we assume v χ ≈ Λ s and, as in Ref. [8] , v ρ ∼ 54, v η ∼ 240 GeV, and M R ∼ 1 TeV.
The mass matrices in the charged sector M l and in the neutrino sector
The relation between symmetry eigenstates (primed) and mass (unprimed) fields are l
We will solve simultaneously the equations
in order to obtain the matrices V l L,R and V ν L , and at the same time the PMNS matrix defined as 
Next, to solve the Eqs.(8b) and
we assume that the latter matrix, taken from Eq. (2.1) of Ref. [3] , can vary within the 3σ experimental error range, resulting in the following values for the Yukawas couplings (×10 −9 ): G 
where we assume the normal mass hierarchyM ν = (0, ∆m 2 12 , ∆m 
note that these range of values overlap those given in Ref. [3] . If in contrast we assume the inverse mass hierarchŷ M ν = ( ∆m 2 23 , ∆m 2 12 , 0) we have to interchange in the Eq. (10) the first and the third column as a consequence we will obtain a totally different Eq. (9) in order to obtain Eq. (11) .
The phenomenology of the model depends strongly on the numerical values of the matrices in Eq. (9), (10) and (11) . To show this, in the Appendix A we present other parametrizations of the matrices and we discuss in the Conclusions how the constraint on the mass of the vector bilepton U ++ µ , coming from the decay µ → eeē, is affected when other parametrizations are used.
IV. INTERACTIONS
The matrices V l L,R in (9) will appear in the leptonic interactions. In Sec. IV A we consider these interactions with doubly charged vector bosons and in Sec. IV B with doubly charged and neutral scalars.
A. Interaction with the doubly charged vector bosons
The interactions of leptons with the doubly charged vector boson U ±± µ are obtained from the Lagrangian
where the covariant derivatives for leptons Ψ ∼ (3, 0) are defined in the m331 model as
with M µ ≡ W µ · T we get
where the non hermitian gauge bosons are defined as
In this case the charged current coupled to the doubly charged vector boson as (9) are the matrices that diagonalize the charged lepton matrices. The second line shows that the interactions can be split in left-and right-handed currents, as first noted by Liu and Ng [10] . In the third line we have split the interaction in vector and axial vector currents via the introduction of an antisymmetric matrix
Notice that the diagonal family couplings are purely axial vector. However, in our calculations we will only use left-handed currents, see the discussion in the Appendix B.
Using the numerical values of the matrices V l L,R in (9) we get
and 
Notice that this parametrization of V U is almost a diagonal matrix, and this characteristic will impact in the bilepton mass prediction derived from the µ → eeē experimental upper limit. This behaviour will be discussed in detail in Sec. V B. Moreover, we can see from (18) that V V , which is antisymmetric by construction, has its off-diagonal entries very small in this parametrization. However, we stress that unlike Refs. [17, 18] , we can not assume V V in the third line in (16) to be exactly zero because in that case V U would be a diagonal matrix, which is not possible by the definition
, and notice also that from M l in (7) we can not assume such matrices to be diagonal since the beginning.
B. Interactions with the doubly charged and neutral scalars
From Eq. (6) we obtain the interactions with the mass eigenstate leptons with the doubly charged scalar bosons:
where in the third line only the interactions proportional to v χ were kept, and we have defined
Since G s is a symmetric matrix, K L and K R are symmetric matrices. For the sake of simplicity we will consider the contribution of just one of the four physical doubly charged scalars, here denoted by Y other three are, heavy enough or suppressed by the matrix elements, hence ρ
. Using the Yukawa couplings in Sec. III, and the the matrices in (9) we obtain: The charged current of interest for our phenomenology studies are
There are also FCNC interactions of leptonse with neutral scalars and pseudo-scalars given by
where 
and we have used
) are scalar (pseudo-scalar) mass eigenstates, and U h,A are 4 × 4 orthogonal matrices, also
where we have omitted flavor indices.
V. PHENOMENOLOGICAL CONSEQUENCES
The obtained matrices parametrizations allow us now to study the physical consequences of the m331 model. For that purpose we are going to compute some processes involving lepton flavor number violation ∆L i = ±1 with the motivation of finding hints of physics effects beyond the SM. First of all, we must say that our phenomenological results strongly depend on the values of the matrices in (9) and the related ones in Secs. IV A and IV B. In fact, we will show in Sec. V B that with the numerical matrices the constraints on the masses of the extra vector bosons in the model are quite different from that other three matrices parametrizations samples given at the Appendix.
We start our analysis by tuning our h 0 1 scalar with the Higgs h 0 of the SM, for that purpose we must set the diagonal Yukawas in (25) in such a way that it matches with the SM coupling given by gm l 2mW with l a = e, µ, τ . The well measured coupling is the τ -lepton, hence for this lepton
hence from (26) we get
and, because of the suppression factor, it is independent of the value of U h η1 . On the other hand, experimentally the h 0 → ττ is the best known of the three leptonic Higgs decays [2] , we use it for estimating the matrix element U h ρ1 by comparing 
see Fig. 1 and Table I for details. Replacing (29) in (25) with i = 1 we obtain the symmetric mixing matrix:
Now we can predict the branching ratio of the lepton flavor violating tree level processes
and the branching ratio
Using (30), from (32) we obtain
and we see that it is highly suppressed compared with the value in (34) . The experimental data for h 0 → µτ from CMS [19] and ATLAS [20] have reported a very large signal, whose average value is [21] :
Our complete estimations for h 0 → eμ, eτ , µτ are given in the Table II . Worth to mention that the h 0 → µτ process can also be generated beyond tree level topologies, i. e. virtual exchange of new scalars at one-loop level, among others, which could larger than the considered tree level contributions. We will consider this processes elsewhere.
B. li → ljl klk
Among the possible tree level decays l i → l j l klk , we will see that in the m331 model the channel µ → eeē provides a crucial test on the lepton number violating phenomenology. These processes have been studied previously in the 3-3-1 models [10, 22, 23] , or in extended models via vector FCNC interactions [24] , but in those papers the authors do not give solution to the mixing matrices, instead they estimate bounds on the ratio of entries of the mixing matrix and the mass of the extra particles of the model.
Although the model has several neutral scalars and pseudoscalars, here we will chose just one in each neutral sector, this means that we are considering that the other scalars are very heavy or suppressed by the matrix elements which relate the symmetry and the mass eigenstates in these sectors. Hence, here we will consider that l i → l j l klk occurs only via the virtual interaction of the doubly charged vector U 
, and the kinematics p
The total amplitude is conformed by four sub-amplitudes
In the Appendix B 1 we present the example of the bilepton gauge vector contribution. The decay width is
with the mean square amplitude for the unpolarized decaying lepton |M| 2 = 1 2 spin |M| 2 , here x and y are dimensionless scaling variables x ≡ 2E j /m li , y ≡ 2E k /m li [25] . For this process mediated by heavy virtual particles the final lepton masses can be safely neglected without affecting the numerical results, we have verified the case with massive final leptons and the results are equivalent, thus x ini = 0, x fin = 1, y ini = 1 − x and y fin = 1. The resulting decay width is
where the partial widths Γ X in terms of the leading contributions are
where V U is given in Eq. (17), K R in Eq. (21), and H i and A i in (25) . The branching ratio is
where the total width of the decaying lepton is obtained from its timelife Γ [8] . For the new heavy particles masses we are going to follow the experimental bounds given in PDG [2] , for the doubly charged scalar we are going to use m Y ++ ≥ 322 GeV, and for the pseudoescalar m A 0 ≥ 100 GeV.
The experimental upper limit for the channel µ → eeē is Br(µ → eeē) Exp < 10 −12 , see Table III . The Fig. 3 shows the decay µ → eeē where we are showing only the partial contributions of the U ++ µ , Y ++ , h 0 and A 0 to the Br, we vary simultaneously the three masses of U ++ µ , Y ++ and A 0 in the same interval and for that we set them as m X . We see from that figure the bilepton U ++ µ dominates entirely the process while the rest of the virtual particles are suppressed, this means that Γ(µ → eeē) m331 ≈ Γ U ++ , but it must fulfill the experimental upper limit; to show this explicitly: using the elements V Uµe , V Ueµ and V Uee from (17) in the first line of (38), we get
on any of the virtual particle masses, all those channels respect the experimental upper limits. In all the evaluations we have used v χ O ρ1 /Λ = 1, the largest possible value for this parameter related to Y ++ . Therefore, taking advantage that in all the processes l i → l j l klk the U ++ µ bilepton absolutely domains the signal, we can neglect all the other virtual particle contributions and just focus on the m U ++ dependence given in the first expression of the Eq. (38) , which allow us to realise that after the numerical evaluation of the diverse matrix elements it results that for the tau decays Br(τ → eeē) m331 ≃Br(τ → eµμ) m331 and Br(τ → µeē) m331 ≃Br(τ → µµμ) m331 , this can be appreciated in the Table IV. In the decay µ → eeē, besides the matrix in Eq. (17), we have also tested the three parametrizations of the matrix V U given in Appendix A. See also the discussion in the Conclusions.
C. li → lj γ
In the m331 model this process is one-loop induced by the known W µ & ν l with massive neutrinos [26, 27] 
The decay l i (p i ) → l j (p j )γ(q) with on-shell final states is a magnetic transition represented by a dimension five operator [27] , depicted in the Fig. 4 , it has the amplitude
with kinematics
, and the photon transversality condition q µ ǫ * µ ( q, λ) = 0. The Lorentz structure is
where
, F M is the transition magnetic dipole moment and F E is the transition electric dipole moment. The tensor amplitude satisfies the Ward identity q µ M µ = 0 [27] . The decay width is
with the mean squared amplitude
In the m331 the branching ratio is given by
Specifically, in the m331 model this process is induced by eight virtual contributions, where W µ , V X , with X denoting a new heavy particle of the m331 model which m X > m W , in other words, any contribution due to X& ν l is more suppressed than W & ν l , for that reason we are going to omit the new cases involving neutrinos. Then, the resulting amplitude is conformed by five sub-amplitudes
In the Appendix B 2 we present the sample of the U ++ µ & l contribution. In the loop integrals we neglect the final lepton mass, thus
with the transition dipole moments
here 
where the matrix V U is that in (17) ; the doubly charged vector U
the doubly charged scalar
where K R is given in (21); the neutral scalar
and, finally, the pseudoscalar
where the matrices H and A are given in (25) , and the matrix in the W µ & ν lk case is the PMNS. For the numerical analysis we first take into account the result of m U ++ > 4.584 TeV derived from µ → eeē, therefore in the following we will use m U ++ = 4590 GeV. In the previous analyzed processes l i → l j l klk all of them were absolutely dominated by the U ++ µ bilepton mass, and therefore there was not necessary to consider the other heavy virtual particle masses, but for l i → l j γ that is not the case, in fact here the U ++ µ bilepton has more suppressed contribution than other particles. As in the analysis of l i → l j l klk , we use m Y ++ = 322 GeV, m A 0 ≥ 100 GeV and m h 0 = 125 GeV. The other important variable present in the decay comes from the l c a l b Y ++ interaction, which we are going to explore in the range 0.01
The Fig. 5 shows the behaviour of the three decays µ → eγ, τ → eγ and τ → µγ in this model, the signals of all of them are quite suppressed respect to the current experimental upper limits shown in Table V , but a lot of orders of magnitude greater than the SM estimation. In all these plots the total curves include also the interference among the different virtual particle contributions, but we do not plot explicitly the interference in order to not overwhelm with many curves. Specifically, the channel µ → eγ is presented in the Fig. 5(a) with m A 0 = 100 GeV as function of 0.01 ≤ v χ O ρ1 /Λ ≤ 1, where Br m331 ∼ 10 −30 is due entirely to the pseudoscalar A 0 (that is why the total contribution is the same and overlaps the A 0 signal), the participation of the rest of the particles are suppressed, and in the Table VI can be appreciated some values in detail for given scenarios, being noticeable that our prediction is quite far from the SM estimation of Br Table VII for specific values; the case m A 0 = 250 GeV is presented in the Fig. 5(d) /Λ = 1. Summarizing, our predictions for l i → l j γ are several orders of magnitude larger than the respective estimations within the pure SM due to W & ν l , this behavior is possible thanks to the presence of the virtual charged leptons coupling with the new heavy content of the m331 model.
VI. CONCLUSIONS
After adjusting the masses and the unitary matrices V l L,R and V ν L in (9) and (10), respectively, we are left with the following free parameters, Λ s , which is related with the mass scale of the scalar sextet and the matrices relating the mass and symmetry eigenstates in the scalar sectors: O appearing in (22) in the doubly charged sector, U h in the CP even sector, and U A in the CP odd sector both appearing in (25) . Next, we were able to identify the SM Higgs h 0 from (23) and (27), which from the experimental data for h 0 → ττ [2] allowed us to determine U h ρ1 = 0.096, while the parameter U h η 0 1 is not important, see (27) [19] [20] [21] . This decay also could be generated via loop interactions of the SM Higgs with new possible virtual scalars.
In the flavor number violating processes l i → l j l klk , the channel µ → eeē imposed the bound m U ++ > 4.584 TeV respecting the experimental upper limit of Br(µ → eeē)
Exp < 10 −12 , hence if in future experiments this channel is observed with a branching ratio in the range 10 −14 − 10 −12 our vector bilepton U ±± µ could explain it. For the tau decays we estimate for all of the reactions Br(τ → l j l klk ) m331 ∼ 10 −15 using m U ++ = 4590 GeV, which have resulted 7 orders of magnitude suppressed respect to the experimental upper limits.
Regarding to the one-loop level processes l i → l j γ, the Br(µ → eγ) m331 ∼ 10 −33 − 10 30 , this is up to 18 orders of magnitude larger than the SM estimation but 17 orders of magnitude below the experimental upper limit; and similar behaviour for the tau decays being Br(τ → eγ) m331 ≃ 10 −29 − 10 −24 and Br(τ → µγ) m331 ≃ 10 −31 − 10 −25 , and in contrast to the channels l i → l j l klk where the U ++ µ vector bilepton was responsible for the signals, in these one-loop processes the vector bilepton provided, in most of the cases, the more suppressed contribution of the considered new particles interacting with leptons.
In order to verify how these predictions depend on the numerical values for the entries of those unitary matrices, we have considered in the decay µ → eeē different parametrizations of the matrix V U given in Appendix A. With the first of them in Eq. (A2), we obtain the lower limit m U ++ > 51.8 TeV; the second parametrization in Eq. (A6), also adjusts the lepton masses and the PMNS and predicts a m U ++ > 16.49 TeV; the third parametrization in Eq. (A10), predicts m U ++ > 3.34 TeV, although in this case we were not able to fit a respective V ν L that adjust a realistic PMNS. However, since the matrix V ν L does not participate in the decay µ → eeē, we have included this parametrization to exemplify how lower bound on the vector bilepton mass can be obtained. Notice that, the more diagonal V U , the lighter m U ++ . It worth noting that the matrix in Eq. (17), which implies a lower bound on the vector bilepton mass of m U ++ > 4.584 TeV, it is enough to be produced at LHC, although to the best of our knowledge there has not been searches for this kind of particle. Notwithstanding, searches for quarks with exotic charges has been done at CMS [28] .
The decays µ → eeē and µ → eγ can also be considered in the 3-3-1 model with right-handed neutrinos (331RN by short) of the sort proposed in Refs. [29, 30] , i.e., when the leptons are in triplets
. In the latter model only three triplets as η, ρ, ρ ′ are needed to break the gauge symmetry and give correct masses to all fermions in the model. However, it was shown in Ref. [30] that in this model the processes above are suppressed as in the standard model unless a sextet is added giving also a natural small masses for neutrinos. We note that in that model there is no doubly charged vector boson and the lepton flavor violating processes are mediated only by the doubly charged Higgs scalar in the sextet.
In the present model the (ββ) 0ν may be induced by three mechanism: i) the Majorana mass of the light active neutrinos; ii) the Majorana mass of the heavy neutrinos, and iii) by the lepton number (L) violating interactions in the scalar potential. In case i) the effective mass parameter to which the amplitude of the decay is proportional is given by
where the V P MN S used is the one in the Eq. (11) and we obtain, ignoring Majorana phases, m ββ = 2.5 − 5.05 meV for the case of normal mass hierarchy, and 34 − 39 meV when the inverse mass hierarchy is used. This occurs in other 3-3-1 models [31] . These values are compatible with the experimental upper limit 140-380 meV [32] . For heavy neutrinos their effects on the decay is suppressed by the large masses ∼ 1 TeV, and also by the small mixing angles in their interactions with charged leptons. In principle the decay can be induced by terms like f 3 η
in the scalar potential [33] . This sort of interactions breaks explicitly the total lepton number L by two units and induce a contribution to the (ββ) 0ν decay. However, we are working in the context of Ref. [9] in which terms violating L are forbidden by discrete symmetries. In this case the VEV of the sextet which would induce a Majorana mass to the active neutrinos vanishes and it is stable under quantum corrections. However, even if we allow those interactions to be present in the scalar potential, their contributions to (ββ) 0ν according to [34, 35] are negligible. However, the arguments in these references assume that neutrinos gain mass from the VEV of the triplet, while in our model they are light because of the type-I seesaw mechanism. Besides the m331 model is intrinsically a multi-Higgs model and the situation is also different from that when there are a doublyt and a triplet of SU (2). In particular, if the vertex
is a singlet of SU (2), is allowed, and CP violated the mixing η − 1 − η + 2 induce a contribution to the (ββ) 0ν decay like the doubly charged scalar singlet of Ref. [34] which is not suppressed and may be of the order of the standard diagram which is proportional to
The fact that when neutrinos have Dirac and Majorana masses may evade the suppressions in the one doublet and one triplet model was pointed out in Ref. [36] . This model has also contributions to µ − e conversion [37, 38] , and muonium-antimuonium conversions [39, 40] . In the latter case the lower limit for the vector bilepton mass is 850 GeV [41] . These issues will be consider elsewhere.
In Sec. IV A we presented in Eq. (17) one parametrization of V U , and as we said in the Conclusions, this allows a m U ++ from µ → eeē that is sufficiently small to be produced at the LHC. Below we present three more parametrizations and their impact on the lower bound of m U ++ from the same decay.
First parametization
It has been shown in Ref. [9] that assuming the following Yukawa couplings G 
and from 
Using these matrices in µ → eeē we obtain the lower limit m U ++ > 51. (A4)
Second parametrization
We have found another parametrization for the matrices that diagonalize the charged lepton masses with the following values for the Yukawa couplings G 
With this parametrization we obtain the lower limit m U ++ > 16.49 TeV from µ → eeē. 0.999795
Using V U in Eq. (A10) in the decay µ → eeē we obtain the lower limit m U ++ > 3.34 TeV.
Uba , and accordingly with the algorithm [42, 43] 
with 
The vector gauge boson and fermion propagators are
The contribution of the U ++ µ bilepton to the decay l i → l j l klk is illustrated in the Fig. 7 , where the red line denotes the choosen fermion flow required by the algorithm, it has the subamplitude
We have solved the amplitudes with the help of Mathematica and FeynCalc [49, 50] .
The one-loop decay l i → l j γ calculated in a renormalizable theory has finite transition magnetic and electric dipole moments, F M and F E respectively, because there are no counterterms at the tree level Lagrangian that may cancel out ultraviolet divergencies. These transition dipole form factors arise directly from triangle topologies, they can be determined from the contributions proportional to p µ i in Eq. (42) , therefore is sufficient to consider only these topologies to obtain the transition dipole moments. Nevertheless, to prove the electromagnetic gauge invariance and the finiteness of the process as a whole the bubbles must be considered [27, [51] [52] [53] . In general, the one-loop decay with on-shell final states mediated by charged bosons has triangle and bubble contributions, characterized by their respective form factors F T and F B which give rise to the amplitude
noticing that the last two lines are precisely the Eq. (42) with F T 1 /2 = F M and F T 2 /2 = F E , besides F B1,B2 = 0 and F T 3,B3,T 4,B4 are divergent while
The bubble contribution is canceled by factors coming from the triangle and all remains in terms of pure triangle information F T 1,2 . When m lj = 0 occurs that
Back to our model, in the virtual contribution M U ++ & l k we consider the complete set of topologies to fully prove finiteness and the Ward identity of the process, which has been crucial to us to confirm the correct application of the algorithm. The amplitude M U ++ of Eq. (46) is conformed by the four diagrams depicted in the Fig. 8 in the unitary gauge, the red line indicates the choosen fermion flow. We have crosschecked the vector gauge contributions using the Feynman-'t Hooft gauge and the non-linear gauge, see [54] and Lee-Shrock in [26] , proving that the transition dipole moments F M,E for the vector contributions are indepentent respect to the renormalization procedure, just as showed in [27] for the SM case, that accordingly with [48] this is true for pure left-handed couplings which is our case. One set of diagrams, lets denote it as A, is constructed with the direct Feynman rules (Γ fromχΓχ), and the other set B with the reverse ones (
We first compute the amplitude with m lj = 0, the final massless case will be performed later. The tensor amplitude is
where the set A is
and the set B results
Each set M µ U ++ A,B is finite because the ultraviolet term ∆ ≡ 2/(4−D)−γ E +log 4π = 1/ǫ−γ E +log 4π, D = 4−2ǫ, is canceled out, it arise from the Passarino-Veltman functions B 0 given below, and the electromagnetic gauge invariances is also satisfied q µ M µ U ++ A,B = 0. Now we turn to consider the approximation m lj = 0 in (B9), we get Table I . 
